Acute coronary syndrome (ACS) is the major cause of out-of-hospital cardiac arrest (OHCA). The relationship between the findings from the study of coronary images and return of spontaneous circulation (ROSC) interval is still unknown. Hence, we investigated this relationship in ACS patients with OHCA.
T he prognosis of patients with out-of-hospital cardiac arrest (OHCA) has been poor, but the survival rates of OHCA patients have been improving due to revisions of the "chain of survival," such as the improvement in bystander cardiopulmonary resuscitation (CPR), widespread use of automated external defibrillators, and improvement in post-cardiac arrest care. 1) Important prognostic predictive factors are a witnessed arrest, an initial shockable rhythm, bystanderinitiated CPR, and return of spontaneous circulation (ROSC). 2) OHCA patients with an initial shockable rhythm, such as ventricular fibrillation (VF), have a higher chance of resuscitation, which leads to better neurological outcomes, than patients with non-shockable rhythms, such as pulseless electrical activity (PEA) or asystole. The likelihood of survival following out-of-hospital VF cardiac arrest improves as the interval from collapse to treatment with defibrillation decreases. 3) But even in these relatively favorable situations, many patients cannot be resuscitated easily. 4) Additionally, acute coronary syndrome (ACS) causes OHCA, and as recommended by guidelines, 5, 6) emergency coronary angiography (CAG) should be performed for OHCA patients.
The relationship between collapse to ROSC time and the findings from CAG in OHCA patients with ACS has not been reported and is still unclear.
The purpose of our study is to investigate the relationship between collapse to resuscitation time and findings from the initial CAG in OHCA patients with ACS.
Methods

Study design:
The Tokyo Metropolitan Bokutoh Hospital is the only tertiary emergency center in the East Tokyo area that has approximately 1,400,000 inhabitants, and all patients with OHCA who have a chance of resuscitation are transported to our institution. 7, 8) We performed a retrospective analysis on all patients admitted to our institution between April 2011 and March TATEISHI, ET AL 
2015.
Inclusion criteria were age greater than 18 years and confirmation of cardiopulmonary arrest (CPA) by the emergency staff. During this period, 2,779 patients with CPA were admitted and 474 patients (17%) were successfully resuscitated. The definition of resuscitation is the confirmation of stable circulation dynamics or interruption of chest compressions by the introduction of extracorporeal membrane oxygenation (ECMO).
All patients who were successfully resuscitated underwent urgent contrast-enhanced computed tomography from the head to the pelvis, and 155 patients with no obvious extra-cardiac cause of OHCA underwent emergent CAG. CAG revealed that 74 patients had a coronary culprit lesion, and they were diagnosed with ACS. We retrospectively excluded patients with non-shockable rhythms at initial rhythm check (n = 13), patients with no witnesses (n = 2), and patients who did not receive bystander CPR (n = 1) and then proceeded to analyze the remaining 58 patients.
If resuscitation takes longer than 20 minutes, the possibility of a good neurological prognosis decreases, according to previous reports. 9) We therefore divided the 58 patients into two groups: the early ROSC group (ROSC ! 20 minutes: E-ROSC) and the late ROSC group (ROSC > 20 minutes: L-ROSC) ( Figure 1 ). We analyzed both groups for their characteristics and findings from the initial CAG. Prehospital care and inclusion criteria for extracorporeal cardiopulmonary resuscitation: All patients received bystander CPR and out-of-hospital resuscitation from emergency medical services (EMS) according to the Japanese CPR guidelines.
EMS can perform medical care according to basic life support guidelines, and with the instruction of a medical advisor from the control room, they can also perform tracheal intubation, intravenous line insertion, and injection of intravenous adrenaline.
We performed extracorporeal cardiopulmonary resuscitation (ECPR) for patients who had not been successfully resuscitated, regardless of the best medical practice, in cases in which the patient was less than 65 years old, collapse to hospital arrival time was less than 30 minutes, patient initially had a shockable rhythm at EMS arrival, or collapse occurred after EMS arrival to our institution. Date collection and clinical outcome: The Institutional Review Board of our institution approved this study. Written informed consent was obtained from the patients or their family members.
Laboratory data, etiology, pre-existing co-morbidities, collapse to ROSC time, neurological outcome at 30 days, 30-day survival rate, and other factors were retrospectively collected from the medical records. Clinical outcomes were defined as neurological outcomes at 30 days after ROSC and 30-day survival. Neurological outcomes were assessed using the Glasgow-Pittsburgh cerebral performance category scale (CPC). CPC1 and CPC2 were classified as good neurological outcomes and CPC3 to CPC5 as poor neurological outcomes. 10) All clinical outcomes were confirmed by reviewing medical charts and contacting the referring physician and/ or the patient's family. All events were registered by the attending physicians. The diagnosis of clinical events was adjudicated by two independent cardiologists who were blinded to the findings of the emergency procedures. Multivessel coronary artery disease (MVD) was defined as at least two major vessels (> 2 mm in diameter) with stenosis of greater than 70% of the diameter. We defined the culprit of the left main trunk (LMT) as two-vessel disease, referencing previous studies. [11] [12] [13] [14] Definition of TIMI flow and Rentrop grade: We used TIMI grade as the degree of coronary flow 15) A two-tailed P value less than .05 was considered statistically significant. All statistical analyses were performed using SPSS for Windows (SPSS, Inc., Chicago. IL).
Results
Patient characteristics and clinical outcomes:
Of the 58 patients, 24 patients (41.4%) were resuscitated within 20 minutes (E-ROSC) and 34 patients (58.6%) needed over 20 minutes to be resuscitated (L-ROSC).
Clinical characteristics of the study population are summarized in Table I . The E-ROSC group had a higher incidence of hypertension, lower incidence of diabetes mellitus, and greater proportion of females. The collapse to first DC time was significantly shorter in the E-ROSC group than in the L-ROSC group, which was a prehospital factor. During resuscitation, the use of adrenaline and nifekalant were more frequent in the L-ROSC group than in the E-ROSC group. On the other hand, there were no significant differences in the use of amiodarone, lidocaine, and magnesium between the two groups. Moreover, ECG findings after ROSC revealed that there were no significant differences between the two groups. The E-ROSC group had more patients with 30-day survival and good neurological prognoses than the L-ROSC group (Table I) . Figure 2 shows the Kaplan-Meier curve, which compares the survival rates between the E-ROSC and L-ROSC groups. Findings from coronary angiography: Among the 58 patients, 20 patients (34.4%) had TIMI grade III flow in the culprit lesion at the initial CAG. There were no significant differences between the E-ROSC and L-ROSC groups regarding coronary flow (33.3% versus 35.3%,) or collateral circulation. However, the L-ROSC group had a significantly higher incidence of MVD than the E-ROSC group (Table II) .
In univariate analysis, the risk factors for the L-ROSC group were being male, non-hypertension, diabetes mellitus, delay to first DC time, and MVD. Unfortunately, the E-ROSC group had no patients with diabetes mellitus; we therefore could not include diabetes mellitus, which is a very strong confounding factor. After adjusting for hypertension, collapse to first DC time, and MVD, the last two factors were found to be the independent predictors of L-ROSC (Table III) .
MVD versus SVD:
We divided the patients into two groups, the culprit-only single-vessel coronary artery disease (SVD) group and the MVD group, and assessed the characteristics of the two groups (Table IV) .
The MVD group had a higher incidence of diabetes TATEISHI, ET AL mellitus, incidence of requiring ECPR, and collapse to ROSC time. The MVD group also had poorer 30-day survival rates and neurological outcomes than the SVD group. The Kaplan-Meier analysis showed a significant difference between the two groups (log-rank: P = 0.003) (Figure 3 ).
Discussions
The main findings of our study can be summarized as follows.
Among OHCA patients with ACS who initially had shockable rhythms, collateral grade and recanalization were not associated with ease of resuscitation, but MVD might have a negative impact on resuscitation attempts.
Generally, about 40%-50% of ACS patients had a ASSOCIATION OF MVD WITH ROSC INTERVAL coronary disease besides the culprit lesion. 17) Approximately 75% of ACS patients with cardiogenic shock presented with MVD. 18, 19) Darren, et al. reported that 64% of OHCA patients with cardiogenic shock had MVD, which is a significant negative factor in 6-month survival outcome. 11) ACS patients with MVD tend to have more unstable hemodynamic states compared with patients with
SVD.
In a related study, Otani, et al. compared ECPR patients with non-ECPR patients and showed that the resistance to conventional CPR was related to ongoing myocardial ischemia. In their study, there were no significant differences in the location of the culprit lesion and the number of coronary artery stenosis between the two groups, but patients with no recanalization during the initial CAG were significantly more common in the ECPR group than in the non-ECPR group. 20) These findings are inconsistent with our results. Coronary flow evaluation under ECMO support is difficult, and coronary flow is often suppressed under the counterflow from ECMO. These factors might result in decreased diagnostic accuracy. Furthermore, in this study, the number of patients with ECPR, in whom ECPR was probably complicated with cardiogenic shock, was small compared with that in previous studies. 14) Collateral flow for the culprit lesion might not be associated with the hemodynamic instability presented in a previous study. 20) The fact that MVD prolonged the collapse to ROSC time may be explained as follows.
We could expect early resuscitation for patients without cardiogenic shock under favorable conditions for resuscitation, such as a relatively short collapse to first DC time (average 8 minutes), the presence of witnesses, the administration of bystander CPR, and an initial shockable rhythm.
Patients with cardiogenic shock might require more time for resuscitation in terms of insufficient coronary flow, which occurs in prolonged PEA or recurrent VF. In this way, MVD can be the predictor of prolonged cardiogenic shock under less coronary flow.
In our study, the E-ROSC group had a relatively small proportion of MVD (17%) compared with that reported in a previous report, such as post resuscitation with prolonged cardiogenic shock (64%). 18) Patients with SVD may have a tendency to more easily reach a stable hemodynamic state and achieve early ROSC than those with MVD, even if the former have life-threatening arrhythmias.
Staged percutaneous coronary intervention (PCI) was performed at our institution, even though it was complicated by cardiogenic shock. ESC guidelines and previous reports recommend multivessel intervention for ACS patients with cardiogenic shock. 17, 21) However, de Waha, et al. and additional reports showed that performing multivessel PCI provided no superiority over culprit-only PCI. 22, 23) Further, Thiele, et al. reported that culprit-only PCI (with staged PCI) was superior to multivessel PCI with respect to a 30-day survival rate for patients with MVD and acute myocardial infarction with cardiogenic shock (CULPRIT-SHOCK Clinical Trial). 24) In our study, patients with MVD had a relatively favorable 30-day survival rate (41.7%) compared with that presented in previous data. 11) Initial culprit-only PCI with staged PCI might be beneficial for these patients. Clinical implication: Our study showed that MVD has a negative impact on early resuscitation and that collateral grade and recanalization for the culprit lesion are not associated with ease of resuscitation among OHCA patients with ACS who initially had shockable rhythms. To the best of our knowledge, this is the first report in which the relationship between collapse to ROSC time and the findings from emergency CAG following ROSC was investigated. Limitations: This is a retrospective study with a relatively small sample size. Selection bias may have been intro-duced because the study population included patients treated at a tertiary referral center. Regarding the diagnosis of ACS, a blinded review of the cases by independent physicians who were unaware of the conclusion was not performed. ACS was diagnosed by more than two onsite interventional cardiologists and intensivists on the basis of the findings and/or CAG, but this is sometimes difficult in clinical practice.
Due to the small sample size, there were no patients with diabetes mellitus in the E-ROSC group and no females in the L-ROSC group; we regretfully acknowledge this as the most important limitation of this study. Since we had no diabetes mellitus patients in the E-ROSC group, we could not analyze diabetes mellitus, which is a very strong confounding factor. Diabetes mellitus might be associated with the factor of prolonged time to resuscitation, and further studies are needed to elucidate this association.
In the culprit lesion, we classified LMT as a twovessel disease. There were no obvious significant differences between the two groups with respect to the culprit lesion; the L-ROSC group had a tendency toward the LMT culprit. ACS patients with an LMT culprit lesion that affected the results had poorer outcomes. 25) Further study is needed to eliminate the LMT culprit lesion.
In this study, we precisely analyzed the collapse to ROSC time from EMS and hospital records. We also queried patients or their families about the time from the onset of ACS to collapse, but the data was largely inaccurate and could not be analyzed regardless of our best efforts.
Conclusion
Collateral flow for the culprit lesion and recanalization were not associated with ease of resuscitation, but MVD may have a negative impact on resuscitation, even in cases with shockable rhythms under fully equipped conditions.
